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Abstract
Small deviations from purely bosonic behavior of trapped atomic Bose-Einstein condensates are
investigated with the help of the quon algebra, which interpolates between bosonic and fermionic
statistics. A previously developed formalism is employed to obtain a generalized version of the
Gross-Pitaeviskii equation. Two extreme situations are considered, the collapse of the condensate
for attractive forces and the depletion of the amount of condensed atoms with repulsive forces.
Experimental discrepancies observed in the parameters governing the collapse and the depletion of
the condensates can be accounted for by universal fittings of the deformation parameter for each
case.
PACS numbers: 03.75.Fi;05.30.Jp;03.65.Fd
PACS numbers:
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I. INTRODUCTION
In many physical problems one has to deal with a large number of identical particles that
are not of a fundamental character but which are known to be composed by a bound system
of several fermions. Examples include systems of identical atoms, molecules or nuclei. If
the number of “fundamental” fermions contained in the composite particle is odd, it is a
fermion, otherwise it is a boson. In many situations the internal structure of the composite
particle can be ignored and the system as a whole treated as a collection of interacting or
noninteracting point-like particles. This is the case for instance, in the theories of Bose-
Einstein condensation (BEC) of trapped bosonic gases [1]. Another example is provided
by electron-hole bosonic states in semiconductors, called excitons [2]. In such systems, the
bosons have internal structure and finite size, i.e., they are composite bosonic particles. The
rational for neglecting the internal structure of the atoms in atomic BEC is that one is dealing
with a very dilute system in the trap. The low density regime makes it very improbable that
the internal structures of the atoms overlap in the trap, since the average distance between
atoms in typical condensates is several times the size of an atom. For excitons, the situation
is not as favorable as in atomic BEC and effects of the internal structure of the bosons might
play an important role [2].
A departure from the purely bosonic behavior of the atoms in a trap might occur in
situations that the central density of the condensate grows beyond a critical value. This
happens, for example, when interatomic attractive forces tend to push the atoms to the
center of the trap and the zero-point kinetic energy is no longer able to stabilize the system.
The collapse is expected to occur when the number N of atoms exceeds a critical value, Ncr,
leading to an interaction energy larger than the kinetic energy.
The aim of the present paper is to set up a framework to evaluate the departure from
the purely bosonic behavior of a BEC of composite particles. A complete theory aimed at
such a task should include all the possible degrees of freedom for the constituent particles,
which is in general highly prohibitive from the computational point of view. In the present
paper, we use a phenomenological approach, making use of the concept of quons [3]. Quons
are particles that are neither bosons, nor fermions, and the quon creation and annihilation
operators obey a particular algebra that interpolates between Fermi e Bose algebras. The
quon algebra is in fact a deformation of the Fermi and Bose algebras, and is such that when
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a parameter (q) runs from −1 and +1, it interpolates between the Fermi and Bose algebras.
Recently, a systematic way to build a many-body quon state has been discussed [3, 4]
and a general formula for a normalized many-quon symmetric state [4] has been found. The
developed formalism allows to apply the quon algebra to describe physical systems presenting
deviations from an idealized situation, in the same fashion of the more usual Quantum
Algebras [5]. An example is [4] the three dimensional quonic harmonic oscillator which
describes in a effective way anharmonic effects. The quonic deformation is also effective for
incorporating correlations in many-body systems. Applications involving the antisymmetric
subspace (fermion-like particles) can be also considered and are now under way.
The use of the symmetric subspace, and q close enough to +1, allows to describe in a
very natural way the departure from a purely bosonic behavior of systems of composite
bosons. In order to apply such ideas to the BEC in trapped gases, we derive in Section III a
quonic version of the Gross-Pitaeviskii (GP) equation, which we denote qGP. In the limit of
q = 1, the qGP equation reduces to the usual GP equation, widely used in the literature [1].
Initially, in Section II, we present a brief discussion on the description of a composite boson
built from two non-identical fermions and provide a connection with the quon algebra. This
will allow a first estimate of the deformation parameter q in terms of parameters of the
system [2, 6]. In Section IV we present numerical results, and compare with observables
related to trapped bosonic atoms. Conclusions and future perspectives are presented in
Section V.
II. RELATION BETWEEN COMPOSITE PARTICLES AND QUONS
A. Composite particles
Let us consider a composite boson state with quantum number α as a bound state of two
distinct fermions
A†α|0〉 =
∑
µν
Φµνα a
†
µb
†
ν |0〉 , (1)
where Φµνα is the Fock-space bound-state amplitude, a
†
µ and b
†
µ are the fermion creation
operators, and |0〉 is the no-particle state (vacuum). The quantum number α stands for
the center of mass momentum, the internal energy, the spin, and other internal degrees of
freedom of the composite boson. For instance, the composite boson could be the hydrogen
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atom, where a†µ and b
†
µ create an electron and a proton respectively. The µ and ν stand
for the space and internal quantum numbers of the constituent fermions. The sum over µ
and ν is to be understood as a sum over discrete quantum numbers and an integral over
continuous variables.
The fermion creation and annihilation operators satisfy canonical anti-commutation re-
lations:
{aµ, aν} = {a†µ, a†ν} = 0 {bµ, bν} = {b†µ, b†ν} = 0 ,
{aµ, a†ν} = δµ,ν {bµ, b†ν} = δµ,ν . (2)
It is convenient to work with normalized amplitudes Φµνα , such that
〈α|β〉 = δα,β , (3)
and therefore ∑
µν
Φµν∗α Φ
µν
β = δα,β . (4)
Using the fermion anticommutation relations of Eq. (2) and the Fock-space amplitude
normalization Eq. (4), one can easily show that the composite boson operators satisfy the
following commutation relations:
[Aα, Aβ] = [A
†
α, A
†
β] = 0 , (5)
[Aα, A
†
β] = δα,β −∆αβ , (6)
where ∆αβ is given by
∆αβ =
∑
µν
Φµν∗α
(∑
µ′
Φµ
′ν
β a
†
µ′aµ +
∑
ν′
Φµν
′
β b
†
ν′bν
)
. (7)
One can also easily show the following commutation relations:
[aµ, A
†
α] =
∑
µ′ν′
δµ,µ′Φ
µ′ν′
α b
†
ν′ [bν , A
†
α] = −
∑
µ′ν′
δν,ν′Φ
µ′ν′
α a
†
µ′ . (8)
The composite nature of the bosons is evident from the presence of ∆αβ , which is a sort of
“deformation” of the canonical boson algebra. The effect of this term becomes unimportant
in the infinite tight binding limit, i.e. in the limit of point-like bosons. Eq. (8) shows the lack
of kinematical independence of the microscopic operators aµ and bν from the macroscopic
ones A′αs.
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B. The quon algebra
The quon algebra is defined by the deformed commutation relation
AαA
†
β − qA†βAα = δα,β, (9)
where q is the deformation parameter of the algebra; Aα annihilates the vacuum
Aα|0〉 = 0 . (10)
The quon algebra interpolates between the Fermi and Bose algebras as the parameter q
varies from −1 to +1. Polynomials in the creation operators acting on the vacuum form
a Fock-like space of vectors, i.e., the quonic Fock space. In Ref. [8] it was shown that the
squared norm of all vectors in the quonic Fock space remains positive definite, provided that
q ranges from −1 to +1. Note that no commutation relation can be imposed on A†α,A†β
and Aα,Aβ. However, as remarked by Greenberg[3], similarly to the case of normal Bose
commutation relations, no such rule is needed for practical evaluation of expectation values
of polynomials in Aα and A
†
α when Eq. (10) holds. Such matrix elements can be evaluated
with the repeated use of Eq. (9) solely; annihilation operators are moved to the right using
Eq. (9) until they annihilate the vacuum or creation operators are moved to the left using
the adjoint of Eq. (9) until they annihilate the vacuum.
Since there is no commutation relations between A†α,A
†
β and Aα,Aβ all n! states given by
the order permutations of the creation operators acting on the vacuum (and carrying different
quantum numbers) are linearly independent. This is in sharp contrast to the usual bosonic
or fermionic algebras and important differences between the quonic and usual Fock space
appears due to this property. As an example, we consider a two quons system occupying
the arbitrary states 1 and 2
|1〉 = A†1A†2|0〉 |2〉 = A†2A†1|0〉 , (11)
which are not independent states and the overlap matrix is〈1|1〉 〈1|2〉
〈2|1〉 〈2|2〉
 =
1 q
q 1
 . (12)
5
One can show that the basis that diagonalizes the overlap matrix is
|S〉 = 1√
2
√
1− q (A
†
1A
†
2 + A
†
2A
†
1) | 0, 〉 (13)
|A〉 = 1√
2
√
1 + q
(A†1A
†
2 −A†2A†1) | 0〉, (14)
where |S〉 is a symmetric state and |A〉 is an antisymmetric state. Analogously for a three
quons system occupying three distinct states 1, 2, 3, the non-orthogonal basis will contain
the six independent states A†iA
†
jA
†
k|0〉, where the indexes i, j, k are determined by the 3!
permutations of 1, 2, 3. The orthonormal basis may be obtained classifying these states
according to the irreducible representations of the permutation group of three elements, S3.
Besides the well known symmetric and antisymmetric states, there are four more exotic
mixed symmetric states. To shorten the corresponding expressions we adopt the convention
A†iA
†
jA
†,
k |0〉 ≡ |ijk〉 and can write: states:
|S〉 = 1√
1 + 2q2 + 2q + q3
1√
6
[|ijk〉+ |jik〉+ |ikj〉+ |jki〉+ |kij〉+ |kji〉] , (15)
|A〉 = 1√
1 + 2q2 − 2q − q3
1√
6
[|ijk〉 − |jik〉 − |ikj〉+ |jki〉+ |kij〉 − |kji〉] , (16)
|MS1〉 = 1√
1− q2 + q − q3
1√
12
[|ijk〉 − |jik〉+ 2|ikj〉+ |jki〉 − 2|kij〉 − |kji〉], (17)
|MS2〉 = 1√
1− q2 + q − q3
1
2
[−|ijk〉 − |jik〉+ |jki〉+ |kji〉] , (18)
|MS3〉 = 1√
1− q2 − q + q3
1
2
[|ijk〉 − |jik〉 − |jki〉+ |kji〉] , (19)
|MS4〉 = 1√
1− q2 − q + q3
1√
12
[|ijk〉+ |jik〉 − 2|ikj〉+ |jki〉 − 2|kij〉+ |kji〉] , (20)
where i, j, k = 1, 2, 3 . Also, the cases i = j, i = k, j = k and i = j = k are automatically
included in the expressions of Eqs. (15) to (20) up to a normalization factor which is q-
independent. Evidently, the above basis states can be built from the well known procedure
based on the Young tableaux method [9], or through the diagonalization of the overlap
matrix obtained from all possible order permutations from the state A†i A
†
j A
†
k|0〉 . In fact,
the q-polynomials which appear in the square roots in Eqs. (15) to (20), correspond to the
eigenvalues of the overlap matrix and measure the degree of violation of statistics in the
system.
Finally, we remark that for the quon algebra one may also define the transition operator
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Nij , obeying the commutation relations[3, 10]
[Nij, A
†
k] = δjkA
†
i , [Nji, Ak] = −δjkAi. (21)
The Nij operator is given by an infinite series expansion in terms of the quonic annihilation
and creation operators, and its first few terms are given by
Nij = A
†
iAj + (1− q2)−1
∑
γ
(A†γA
†
i − qA†iA†γ)(AjAγ − qAγAi) + · · · . (22)
The number operator Ni is obtained when i = j.
C. The quon algebra and composite particles
If one writes q = 1− x, the deformed commutator, Eq. (9), can be written as
[Aα, A
†
β] = δαβ − xA†αAβ . (23)
The similarity of this relation with Eq. (6) is evident. In some sense, the product of fermion
operators a†µ′aµ and b
†
µbν′ weighted by the Φ’s in Eq. (6) is effectively modelled by the term
xA†αAβ in Eq. (23).
We note that the commutation relations of Eq. (5) between Aα,Aβ and A
†
α,A
†
β are not
algebraic relations valid for quons. Since we wish to describe a system of “identical” com-
posite bosons, we impose that the state vectors of a many-body composite particles system
are invariant by the permutation of the particle indexes. So we assume that the physical
subspace which is adequate for the description of a bosonic composite system is composed
only of totally symmetric states. To build the physical subspace we have to project out from
the basis of states only totally symmetric states.
It is possible to show that the most general symmetric state for a system of N quons can
be written as [4]:
|nαnβnγ...;S〉 =
√
nα!nβ !nγ !...
N ![N ]!
ŜN(A
†
α)
nα(A†β)
nβ(A†γ)
nγ ...|0〉, (24)
where ŜN is an operator that generates all possible combinations that are symmetric under
the permutation of any of the creation operators, nα + nβ + nγ + ... = N and [5, 11]
[N ] =
1− qN
1− q , (25)
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with [N ]! = [N ][N − 1]....[2][1] and [0]!=1. Another important result that we are going to
use next is the following [4]:
Aα|nαnβnγ...;S〉 =
√
[N ]
N
√
nα|nα − 1, nβnγ ....;S〉. (26)
This last expression allows one to calculate matrix elements between symmetric quonic
states with any number of quons. Using Eq. (26) one can easily show that, within the physical
subspace, i.e., the one built only from totally symmetric states, |ψ, S〉, the commutation
relations of Eq. (5) are now valid also for the quons
〈ψ, S|
(
A†αA
†
β −A†βA†α
)
|ψ, S〉 = 0 , (27)
〈ψ, S| (AαAβ − AβAα) |ψ, S〉 = 0 . (28)
In this way, the analogy between a composite particle and a quon is complete.
D. Free composite gas
Now let us consider a system of N composite bosons in a large box of volume V at zero
temperature. If the bosons were ideal point-like particles, the ground state of the system
would be the one where all bosons condense in the zero momentum state. In the case of
composite bosons, the closest analog of the ideal gas ground state is
|N〉 = 1√
N !
(A†0)
N |0〉 , (29)
where A†0 is the creation operator of a composite boson in its ground state (ground state Φ)
and with zero center of mass momentum. Due to the composite nature of the bosons, this
state incorporates kinematical correlations implied by the Pauli exclusion principle which
operates on the constituent fermions. Among other effects, the Pauli principle forbids the
macroscopic occupation of the zero momentum state. The closest analog to the boson
occupation number in the state of Eq. (29) is
N0 =
〈N |A†0A0|N〉
〈N |N〉 . (30)
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In order to evaluate Eq. (30), we consider a spin zero boson and use for the spatial part
of Φ a simple Gaussian form such that the r.m.s radius of the boson is r0. To lowest order
in the density of the system n = N/V , N0 is given by [6]
N0 = N
(
1− γnr30
)
, (31)
where γ is a geometrical factor. The exact value of the geometrical factor γ depends on the
form of the internal wave-function of the composite boson. Depending on the exact form
used for the internal boson wave-function this factor runs from 50 to 250 [2]. Note that
Eq. (31) is valid only for γnr30 ≪ 1, i.e. for extremely low-density systems. For higher-density
systems, a nonlinear N dependence of N0/N is obtained [2].
It is apparent from Eq. (31) that in the limit of infinite tight binding, r0 → 0, one has the
familiar Bose-Einstein condensation. For finite values of the size of the bosons, the effects of
the Pauli principle become important and one has a depletion on the amount of condensed
bosons. Moreover, from Eq. (31) one has that if the size of the bound state is of the order of
the mean separation of the bosons in the medium, d ∼ n−1/3, the depletion is almost total.
The depletion of the condensation is a direct consequence of the deformation of the boson
algebra by the term ∆αβ .
In the same spirit as in the previous case, we take as the closest analog of the ideal boson
gas ground state the N quon state
|N〉 = 1√
[N ]!
(A†0)
N |0〉 . (32)
Note that we are using the same symbols for both the composite and quon algebra annihi-
lation/creation operators.
As before, the operator A†0A0 is the number operator in the zero deformation limit only.
The effect of the deformation can be evaluated taking the expectation value of A†0A0 in the
state |N〉, Eq. (32). To evaluate the expectation value, we make use of the result given by
equation Eq. (25)
N0 = 〈N |A†0A0|N〉 = [N ] =
1− qN
1− q . (33)
Using the above result one obtains to lowest order in x,
N0 =
1
x
[1− (1− x)N ] ≃ N
(
1− 1
2
Nx
)
. (34)
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Comparing this result with the one of Eq. (31) it is clear that the effect of the deformation,
for sufficiently low densities, is such that
Nx ∼ 2γNr
3
0
V
. (35)
That is, the effect of the deformation parameter is proportional to the ratio of the volume
occupied by the bosons to the volume of the system. Note that for densities not extremely
low, a nonlinear N dependence is expected for the deformation parameter, as remarked
above.
III. THE GROSS-PITAEVISKII EQUATION FOR COMPOSITE BOSONS
We now use the quon algebra formalism in the BEC. We consider a system ofN composite
bosons interacting in a spherical harmonic oscillator trap. We assume that the effective
Hamiltonian describing such system is given by
H = T + V + Vtrap
=
∑
α,β
〈α|T |β〉A†αAβ +
1
2
∑
α,β,γ,δ
〈αβ|V |γδ〉A†αA†βAγAδ +
∑
α,β
〈α|Vtrap|β〉Nαβ, (36)
where T , Vtrap and V correspond to the kinetic energy, trap harmonic oscillator potential
and the interaction among the composite bosons respectively. We take as usual
T (~x) = − ~
2
2m
△~x, (37)
and
V (~x, ~y) = gδ(~x− ~y). (38)
To obtain the equation describing the condensate of composite bosons we assume that the
lowest energy state is given by
|ψ〉 = (A
†
0)
N√
[N ]!
|0〉. (39)
So we impose the variational principle
〈ψ, S|H|δψ, S〉 = 0 , (40)
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where the arbitrary variational symmetrized state has the form
|δψ, S〉 = SˆA†µA0|ψ, S〉 , (µ 6= 0) (41)
and the symbol Sˆ is a symmetrizer operator. Eq. (40) is equivalent to the expression
〈ψ, S|
∑
αβ
(
〈α|T |β〉A†αAβ +
1
2
∑
γδ
〈αβ|V |γδ〉A†αA†βAγAδ + 〈α|V trap|β〉Nαβ
)
|δψ, S〉 = 0.(42)
From Eq. (26) one obtains the matrix elements
〈ψ, S|A†αAβ|δψ, S〉 =
[N ]
N
√
Nδα0δβµ, (43)
〈ψ, S|Nαβ|δψ, S〉 =
√
Nδα0δβµ〈ψ, S|A†αA†βAγAδ|δψ, S〉
=
[N ]
N
[N − 1]
N − 1
√
N(N − 1)(δα0δβ0δγµδδ0 + δα0δβ0δγ0δδµ). (44)
Using these in Eq. (42), one obtains
[N ]
N
T0µ + V
trap
0µ +
[N ][N − 1]
N
V000µ = 0. (45)
Therefore, the variational principle leads in coordinate space to the equation[
− ~
2
2m
△~x + N
[N ]
V trap(~x) + g[N − 1]|φ(~x)|2
]
φ(~x) = ǫφ(~x). (46)
This equation may be interpreted as a generalization of the Gross-Pitaeviskii equation to
quons and, as mentioned previously will be denoted as qGP.
IV. THE SOLUTION OF THE QUON GROSS-PITAEVISKII EQUATION AND
APPLICATIONS
Many authors have recently presented different methods to solve the usual GP equation.
Here, we follow a variational approach, in which we expand the ground state wave-function
in a three-dimensional harmonic oscillator basis with angular momentum l = 0. Good
convergence has been achieved within the method and we were able to reproduce to very
good accuracy results obtained in the literature with other methods when we go to the limit
q = 1.
Initially we consider the case of an attractive interaction, represented by a negative value
of the scattering length [1]. Of particular interest is the study of the well known collapse,
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which occurs when the number of atoms in the trap reaches a critical number for which the
system becomes unstable. In that case, the behavior of the GP solution is characterized by
the dimensionless constant
k =
N0|a|
bt
, (47)
where bt is the trap oscillator length and a the s-wave scattering length. Several authors (see
for instance Ref. [14] and references therein) have calculated the critical value (kc) for this
constant using different methods. The value, for an isotropic trap, was always very close to
kc = 0.575. Recent measurements [14] indicate a value for kc that is between ∼ 10% and
25% smaller than the theoretical predictions.
Let us now consider now the qGP equation. According to our discussion in Section (II),
one may interpret the number of condensed atoms as N0 = [N ]. Eq (46) can be rewritten in
terms of dimensionless variables in the same fashion as done in the normal GP equation [1]:[
−△~˜x + r˜2 − 8πk(q)|φ(~˜x)|2
]
φ(~˜x) = 2 ǫ˜ φ(~˜x). (48)
Here we have used explicitly the oscillator form for the potential and have written the
interaction constant in terms of the scattering length a as g = 4π~2a/m. The tilde means
energy in units of the oscillator energy, ǫ˜ = ǫ/~ωt, and length is expressed in units of the
modified oscillator constant , x˜ = x/bt(q), with
bt(q) = bt
(
[N ]
N
)1/4
. (49)
In addition,
k(q) =
|a|[N ]
bt
[N − 1]
[N ]
(
N
[N ]
)1/4
≃ k
(
N
[N ]
)1/4
. (50)
Obviously the qGP equation of Eq. (48) leads to a critical value kc(q) = 0.575. However,
in the present case the critical constant to be compared with the experimental value is given
by
kc = 0.575
(
[N ]
N
)1/4
. (51)
For N0 = [N ] = 2000 and using x independent of N and as small as x = 3 × 10−4 (or
q = 1−x = 0.9999), one finds that it is possible to fit the experimental result kc = 0.522 [14].
This value of x should be compared to the expression coming from our estimate of the
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deformation parameter in Eq. (35). Using for r0 the scattering length |a| ∼ 15A˚, and using
the linear dimension of the trap as given by bt ∼ 100A˚ [16] one obtains precisely
x = 2γ
|a|3
b3t
∼ 10−4, (52)
where for the geometrical factor γ we used the value γ = 100, as estimated in Ref. [2].
This result is of the correct order of magnitude to bring the theoretical value for the critical
constant within the range of experimental values.
As a second application, we consider the case of a repulsive interaction. In this case
the number of atoms in the trap can reach large numbers (N up to ∼ 107), which can
raise the question of validity for the use of the GP equation for such high densities. In a
recent calculation [15], effects that go beyond the usual GP (or mean-field) solution were
also considered and shown to lead to a systematic, small increase in the chemical potential
of the condensate. In our formalism we may obtain the same behavior by preserving the
original GP dynamics but relaxing the condition that the particles are true bosons. To see
how this happens , we now rewrite Eq. (46) in a slightly different form:[
Hosc +
(
N
[N ]
− 1
)
V trap(~x) + g[N − 1]|φ(~x)|2
]
φ(~x) = ǫ φ(~x), (53)
where Hosc is the usual three-dimensional harmonic oscillator Hamiltonian. Following our
previous interpretation that the number of condensed atoms is [N ], we conclude that only
the term proportional to N/[N ] − 1 differs from the usual GP equation. However, for q
close enough to 1, this term is small (≪ 1) even for large values of N , and therefore one
may treat this term as a perturbation to the non-deformed solution. At this point it is
worthwhile to note that this term will always increase the energy of the condensate by a
small amount. Of course, the increase will depends on the value of q (or x) used. In order
to make a phenomenological estimation of the effect of this perturbation we relate again our
results of section IID for the depletion of the condensate to the one presented in Section III
of Ref. [1]. There, an estimation for the depletion is given by:
N −N0
N0
=
5
√
π
8
√
a3n(0), (54)
where n(0) is the central (r = 0) density of the condensate. Equating our result, Eq. (34),
with the above and taking in to account that x≪ 1, we obtain:
x ∼= 10
√
π
8N
√
a3n(0). (55)
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Note that a dependence of the deformation parameter on the number of atoms (or on
the density) appears very naturally here. As we have discussed in Section IID, an N -
independent deformation parameter x is physically reasonable only for low density systems.
In the present situation of a repulsive interaction, the number of atoms in the trap can be
many orders of magnitude larger than in the attractive case and it is gratifying to see the
internal consistency of our formalism, in that it is capable of describing both extremes in a
very natural way.
In order to perform numerical calculations, one needs n(0), which can be taken from
the x = 0 solution of the GP equation and the value for N , which in turns depends on
x. However, for our purposes here we may evaluate the order of magnitude of x making
N = N0 in Eq. (55). We also use a/bt = 5×10−2. This last value might seem quite big when
compared to the one used for example in Refs. [1] and [14]. However, recent experimental
developments [16] allow to change the scattering length by orders of magnitude thanks
to a technique known as Feshbach resonance. The value chosen here is consistent with,
for example, the experiment reported in Ref. [16]. In Table I we present our numerical
results for the chemical potential ǫ, for different N0 values. Note that, although our initial
conditions are different from the ones chosen for the calculations in Ref. [15], the results
are qualitatively equivalent, in the sense that we get always a bigger value for the chemical
potential, as compared to the usual GP solution.
V. CONCLUSIONS
We have considered in this work the quon algebra to describe in an effective and phe-
nomenological way the departure from a purely bosonic behavior of a system of composite
bosons. The formalism was developed previously and relies on the projection of the whole
quonic space onto the symmetric subspace. The main idea is to preserve the bosonic be-
havior and leave to the deformation parameter the description of possible deviations. As
a specific application we have considered the derivation of the Gross-Pitaeviskii equation
within the quon algebra, which can be done in a straightforward way using our formalism.
The interpretation of the modified Gross-Pitaeviskii equation obtained is consistent with
our initial qualitative considerations.
As for numerical calculations we have in first place solved our deformed GP equation
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for the collapse in the case of an attractive force in a trapped bosonic gas. Reinterpreting
the value of the critical constant for the collapse, we obtained that the deformation of the
bosonic algebra changes the value of this constant, and the change is in the right direction
to explain experimental results. Of course, the modification depends on the chosen value for
the deformation parameter q, which is not easy to estimate at the conditions of the experi-
ment. We have found that a decrease of order 10−4 compared to the bosonic limit q = 1, and
independent of the number of atoms in the trap, brings the critical value within the recent
experimental measurements. Secondly, we have calculated the chemical potential for the
case of a repulsive force between the trapped atoms. This is a more favorable situation to
test our model, since recently it became experimentally feasible to create condensates with
a much larger number of atoms as compared to the attractive case. Using a phenomenolog-
ical estimation for the deformation parameter, for which a density dependence arises very
naturally, we are able to calculate the correction in the chemical potential.
Natural extensions of the present work would include the investigation of the effect of
the q-deformation on other observables of the BE condensates. Also, there are many other
interesting systems for which the quon algebra could be useful to describe deviations from
a purely bosonic behavior of many-body systems of composite bosons. One example, which
seems particularly interesting in the present context, is the case of excitons [2], which are
boson-like particles formed by a electron-hole pair in a semiconductor. Work in these direc-
tions is underway.
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case are also shown and were obtained as explained in the text.
N0 ǫGP ǫqGP x
1000 7.31 7.47 1.0 × 10−3
10000 17.84 18.32 1.3 × 10−4
100000 44.59 46.69 2.0 × 10−5
1000000 111.94 131.16 5.1 × 10−6
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